Background: The urinary albumin/creatinine ratio (ACR) is an important indicator of albuminuria. We aimed to estimate ACR uncertainty and its impact on test results and proposed imprecision quality goals based on the estimated uncertainty.
INTRODUCTION
Monitoring the presence and/or progression of albuminuria is one of the most important clinical practices in various conditions [1] , including cardiovascular disease, for which it is a well-established risk factor [2] . Although 24-hour urine collection is considered the gold standard method for detecting albuminuria, it requires considerable time and effort and its clinical utility is no better than calculating the urinary albumin/creatinine ratio (ACR) [3, 4] . Hence, the American Diabetes Association recommends that all patients with diabetes undergo screening for ACR, serum creatinine, and potassium [5] .
Accurate and precise measurements of both urinary albumin and creatinine are crucial for calculating ACR. However, combining the two measurements is likely to increase ACR calculation uncertainty [6] . The International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) has suggested a value based on biological variation (BV) as an attractive approach for quality requirements [7] ; however, this approach has some limitations for urine sample measurements [8] . In addition, previously proposed urinary albumin and/or creatinine measurement quality goal settings were based on cutting-edge techniques, which are less suitable [9, 10] .
We therefore calculated ACR uncertainty using the uncertainties of the albumin and creatinine results. We also attempted to estimate the impact of ACR uncertainty on actual test results and proposed quality standards for urinary ACR, urinary albumin, and creatinine test imprecisions.
METHODS

Data collection
All data were collected retrospectively. To calculate ACR, we consecutively collected and analyzed urine samples from patients at Dongtan Sacred Heart Hospital, Korea, from January to December 2016. Albumin and creatinine levels were analyzed using a Roche Cobas c702 analyzer with CREJ2 and ALBT2 reagents (Roche Diagnostics, Basel, Switzerland). The results were classified (according to ACR) into categories A1, A2, and A3, representing ACR < 30 mg/g, 30-300 mg/g, and > 300 mg/g, respectively [11] .
A total of 9,018 urine samples (male: 5,164, female: 3,854) were collected in order to calculate ACR. Of these, 150 samples (1.7%) were from children ( < 18 years). Based on albuminuria categories, 5,752 (63.8%) results were classified as A1 ( < 30 mg/g), 2,842 (31.5%) as A2 (30-300 mg/g), and 424 (4.7%) as A3 ( > 300 mg/g).
This study was approved by the Institutional Review Board of Dongtan Sacred Heart Hospital (2017-06-123). As this study is a retrospective analysis, no informed consent was obtained.
Calculation of ACR uncertainty
We used established formulae for calculating fractional uncertainty in variables [6] to express the combined ACR uncertainty using the uncertainties of individual variables, as follows:
, where u is the standard uncertainty, u(ACR) is the uncertainty of ACR, u(ACR)/ACR is the fractional uncertainty of ACR, u(Alb) is the uncertainty of urinary albumin, u(Alb)/Alb is the fractional uncertainty of urinary albumin, u(Cr) is the uncertainty of urinary creatinine, and u(Cr)/Cr is the fractional uncertainty of urinary creatinine.
Assessment of impact on patient results
To calculate the expanded ACR uncertainty and the corresponding 95% confidence interval (CI), the combined ACR uncertainty was multiplied by a coverage factor of two [12] . If the CI of an individual patient result contained a classification boundary (30 mg/g or 300 mg/g), it was deemed to have potential for reclassification because of uncertainty. For example, a patient ACR result of 35 mg/g and a combined uncertainty of 12.8% would have an expanded uncertainty of 25.6% (12.8% × 2). The 95% CI of the ACR result was calculated as [26.04, 43.96]. In this case, we considered the result as ambiguous, or "possible reclassification because of uncertainty." A more detailed explanation of the computation can be found in Supplemental Data S1.
The number of determined ambiguous cases was calculated based on ACR uncertainty; the impact of urinary albumin and creatinine measurement imprecision was assessed by counting the number of ambiguous cases when the two met the BV-derived quality requirements [13, 14] .
Proposed quality standards
ACR quality standards were proposed based on the number of ambiguous test results. There are no clear guidelines regarding the number of ambiguous cases acceptable for clinical purposes. Therefore, we referred to the number suggested by the original BV paper [14] . Imprecision quality goals set by BV resulted in a 25% (minimum), 12% (desirable), and 3% (optimum) increase in result variability. Uncertainty levels generating the same number of ambiguous results as the BV-derived imprecision goals were proposed as the minimum, desirable, and optimum quality goals. Table 1 shows the combined fractional uncertainty of ACR when urinary albumin and creatinine uncertainties met the quality goals for variables subject to BV. As expected, the combined *When both urinary albumin and creatinine meet and minimum quality criteria, the combined fractional uncertainty of ACR is predicted to be as high as 38.4%. Even when the two analytes meet the optimum specifications, the combined fractional uncertainty of ACR remains high, up to 12.8%. Abbreviations: Alb, urinary albumin (mg/dL); Cr, urinary creatinine (mg/dL); ACR, urinary albumin/creatinine ratio (mg/g); u(X)/X, fractional uncertainty of X (%).
RESULTS
Assessment of ACR uncertainty and establishment of quality goals
www.annlabmed.org https://doi.org/10.3343/alm.2018.38.5.420 Abbreviations: ACR, albumin/creatinine ratio; A1, ACR < 30 mg/g; A2, 30-300 mg/g; A3, > 300 mg/g; N/A, not applicable. fractional uncertainty was notably higher than the two individual uncertainties.
Possible reclassification of test results
A possible reclassification of the albuminuria categories is shown in Table 2 . When ACR uncertainty met the optimum quality criteria in Table 1 , 4.8% (N = 432) of the results were determined as possible ambiguous cases. However, this proportion increased to 15.5% (N = 1,396) when the results were compared with the minimum quality requirements, as the fractional uncertainty of ACR increased. Although category A3, known as macroalbuminuria, has been considered as a stage of irreversible kidney damage, several indications suggested that A2 category patients (microalbuminuria) could undergo regression [15] [16] [17] . Thus, we focused on the A2 category as the main target of ACR monitoring and calculated the ambiguous cases in this category.
The intermediate group (A2) is of great interest to help monitor disease progression in the clinical practice. The number of category A2 ambiguous cases was 808 (28.4%), 499 (17.6%), or 239 (8.4%), when ACR uncertainty met the minimum, desirable, or optimum quality criteria, respectively. Interestingly, the number of cases of possible reclassification to a lower category was higher than those of reclassification to a higher category. This might be due to the distribution of the original results ( Fig.  1 ), which exhibited a skewed distribution towards lower values in category A2.
Proposed quality goals
The ACR quality goals that would limit the percentage of ambiguous cases to below 3%, 12%, and 25% are shown in Table 3 . For clinical reasons, it is especially important to monitor the progress of patients in category A2. Therefore, in order to minimize the number of ambiguous cases in this category, we proposed that the optimum quality goal for combined ACR uncertainty should be 4.5%, while the minimum should be up to 34%. All goals were lower than the calculated uncertainty shown in Table 1 .
The relationships between urinary albumin and creatinine uncertainties are shown in Table 4 ; an increase in the fractional uncertainty of urinary creatinine led to a decrease in the quality requirement for urinary albumin, and vice versa (Table 4) .
DISCUSSION
Our major findings are that 1) the number of ambiguous cases resulting from the combined ACR uncertainty was higher than expected based on the BV quality goals; and 2) it is feasible to set quality goals for combined/individual uncertainties based on the number of ambiguous cases.
Appropriate quality management is an essential requirement in clinical laboratories. Although many methods, such as expert consensus or clinicians' questionnaires, for setting quality goals have been suggested, according to the IFCC, the ideal goals should be based on clinical outcomes [7] . However, because of a lack of tests with such goals, quality goals for variables subject to BV have been highlighted as appealing alternatives. Furthermore, the application of these specifications in urinary measurements is also limited [8] .
Imprecision goals for variables subject to BV and calculated based on uncertainty values have resulted in increased test variabilities: 25% (minimum), 12% (desirable), and 3% (optimum) [14] . However, we revealed that the traditional quality goals for variables subject to BV had limited utility when applied to calculated parameters such as ACR. Various parameters are typically calculated from clinical laboratory measurementsIt is important to consider the effects of combined uncertainty on other results calculated from combined values, particularly when a clinical decision is based on the combined result.
There have been several attempts to express the uncertainties of calculated values using those of the measured values [12, 18] . The most actively studied parameter is estimated glomerular filtration rate (eGFR); studies have suggested that the uncertainty of low creatinine levels, in particular, may affect the reliability of the eGFR value [12, 18] . To the best of our knowledge, however, no previous studies have calculated ACR uncertainty. Our results show that it is feasible to estimate ACR uncertainty using the uncertainties of urinary albumin and creatinine levels.
Our study had two main limitations. First, we used test results from only one teaching hospital. Some slight variation in numerical values may be possible with a larger cohort of patients. However, as ACR estimates are used in clinical practice worldwide, it is unlikely that there would be substantial variation in the test result distribution in different clinical settings. Second, the covariance between urinary albumin and creatinine levels was not taken into account in our analysis. Any covariance between these two parameters would likely increase the combined uncertainty. Further investigation of this issue is recommended, as it was beyond the scope of our current study.
We attempted to propose a method for setting quality goals based on patient results. However, not all tests performed in clinical laboratories can be subject to such an approach. To apply this method, a clinical decision and/or clinical classification should be performed based solely on the test results. In other cases where clinical information is crucial for clinical management, laboratory results may play a supportive role.
In conclusion, we expressed ACR uncertainty using the uncertainties of urinary albumin and creatinine levels. We also assessed the impact of the combined uncertainty on test results using their variability. Quality goals for ACR calculation could be set based on test result ambiguities; using our results, we suggest an approach for setting quality goals based on clinical significance.
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